The metabolic, hemodynamic and pathologic effects of hemorrhagic shock on the hearts of intact dogs have been studied, using 
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METHODS
Twelve normal mongrel dogs were anesthetized with a mixture of Nembutal and Dial-Urethane,* following morphine premedication (3 mg. per kilogram). Each animal was given streptomycin (200,000 U) and aqueous penicillin (200,000 U) intramuscularly and heparin (2.5 mg. per kilogram) by intravenous route. The coronary sinus and pulmonary artery were catheterized under fluoroscopic control, and a third catheter was placed in the aorta via the femoral artery. Left ventricular coronary blood flow was measured over a ten minute period by the nitrous oxide desaturation technique. 6 Coronary arterial and venous samples were also drawn during this period, enabling the simultaneous measurement of myocardial oxygen, lactate, pyruvate and glucose utilization. Cardiac output was calculated by the Fick principle with oxygen; blood pressures were recorded with a Sanborn electromanometer. Left ventricular work and efficiency could thus be calculated. The description of these procedures and the calculations employed have been given in detail in previous reports.6, 7Serial electrocardiograms were obtained with a Sanborn Visocardiette.
The dogs were then bled from the femoral artery in stepwise fashion, 50 to 100 ml. at a time, until the blood pressure decreased from the control mean of 121.2 i 4.5 to 54.3 i 2.3 mm. Hg. This procedure took 45 to 60 minutes and required the withdrawal of blood equal to about 3.4 per cent of the body weight. A second set of determinations similar to those described above were then carried out. At this point hypotension was reversible, and re- infusion of blood resulted in an immediate proportional increase in arterial pressure levels. In nine of the dogs the blood pressure was maintained at 40 to 50 mm. Hg for the next three hours by repeated small withdrawals of blood, averaging 0.9 per cent of body weight. A third set of similar determinations were then performed. The tion coefficient was significantly reduced. After the dogs were hypotensive for three hours, however, the lactate findings were in marked contrast to those for pyruvate. The arterial lactate level at this time was almost seven times the control value. The arteriovenous difference and total utilization were still significantly positive, although the extraction coefficient decreased.
The arterial glucose level increased significantly during the immediate posthemorrhagic period, but after three hours there was a great deal of variation. In some animals the elevated levels were maintained or increased, whereas they dropped in other animals. The ability to maintain the elevated level of glucose could not be correlated with the eventual survival or death of the dog. There was also much variation in the findings for glucose extraction with no significant change from the control period, except for the consistently de- creased glucose extraction coefficient after three hours.
B. Hemodynamic (table 3) Since both arterial blood pressure and cardiac output were decreased during shock, left ventricular work was correspondingly lowered. There was much variation in the values for coronary flow, but despite the very low systemic arterial pressures and low cardiac outputs during shock, the coronary flow was not decreased. Myocardial oxygen utilization was thus maintained (see table 1) with consequent marked reduction in the mechanical efficiency of the heart during the hypotensive period. After three hours of hypotension the coronary vascular resistance was significantly decreased to less than half that of the initial control value, indicating coronary vasodilatation. At the same time there was marked variation in both systemic and pulmonary vascular resistance, so that no significant changes could be demonstrated during the experimental period. The heart rate increased strikingly from the control mean value of 76 to 174 after three hours of hypotension.
C. Pathologic Out of nine dogs subjected to the full threehour period of hemorrhagic shock, five died without regaining a normal stabilized blood pressure level despite reinfusion of all removed blood. When the hearts were excised there was marked subendocardial hemorrhage in the left ventricle of two of these dogs ( fig. 3) , and three showed marked hyperemia and submucosal hemorrhage in the small intestine (particularly in the duodenum). In one of the five dogs no pathological changes were found. Of the four dogs that survived the immediate postexperimental period, two survived until they were sacrificed seven months later. Two died within two weeks and in both foci of myocardial necrosis were present, especially in the subendocardial region of the left ventricle ( fig. 4) Both glucose and lactate extractions were maintained by the myocardium during shock, although at greatly increased arterial levels, with correspondingly reduced myocardial extraction coefficients. The somewhat similarly altered pattern of myocardial carbohydrate extraction observed in thiamin deficiency may be due to a deficiency in co-carboxylase,9 and in diabetic heart muscle, to insulin lack.10 In starvation,7 anoxia, 1 as well as in the presently described state of hemorrhagic shock, comparable reductions in myocardial carbohydrate extraction coefficients occur without known cause. In congestive heart failure due to valvular heart disease, however, the pattern of myocardial carbohydrate metabolism is quite different with normal or greatly elevated glucose extraction coefficients, and a well maintained extraction of 
